Abstract-Earthquake is the major natural disaster that human beings are facing. The complexity of the earthquake pregnancy remains the earthquake prediction an unresolved problem. Low density of observation stations and small coverage of observation do not provide the necessary information for earthquake predictions. But satellite space monitoring techniques, which have such advantages as wide coverage, rich information, dynamic and high resolution, can provide more comprehensive seismic precursor information. There have been many studies and achievements on satellite thermal infrared, cloud, geoelectricity, gravity and magnetism abnormities before earthquakes, yet there has been little concern about the atmospheric water vapor abnormity during earthquakes. In this paper we analyzed the atmospheric water vapor anomaly during Hengchun earthquake by use of the MODIS satellite data. The study results indicated that there was possible water vapor anomaly to appear during Hengchun earthquake, but further studies are still needed to conduct.
INTRODUCTION
With the use of satellite remote sensing technology in earthquake prediction, there have been a lot of explorations and researches carried on by many scholars on satellite thermal infrared anomalies before and after earthquakes and a variety of thermal anomaly extraction methods put forward [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . For example, in the case of Hengchun earthquake on December 26, 2006 in Taiwan, Shanjun Liu analyzed thermal infrared satellite data from FY-2C and found there were thermal anomalies over the oceans around epicenter before and after the earthquake [12] . C. Filizzola proposed a robust approach for estimator of thermal infrared radiance anomalies [13] . However, there have been relatively few studies in the atmospheric water vapor anomalies before and after earthquakes. S. Dey analyzed the water vapor of the Gujarat earthquake, found that water vapor over the epicentral region increased just before the earthquake whereas over the ocean, water vapor increased after the earthquake [14] . Lihua Cui analyzed atmospheric water vapor of the Wenchuan earthquake and found that water vapor along the faults increased 11 days before the earthquake [15] .
In this paper, We carried out analysis of the atmospheric water vapor, and found that the possible negative anomalies of atmospheric water vapor appeared surrounding the epicenter before and after Hengchun earthquake.
DATA AND PROCESSING
China Taiwan Region is located in rendezvous site of Philippine Sea Plate, The South China Sea plate and the Eurasian Plate. Special and complex tectonic stress environment leads Taiwan to be the Multi-earthquake region in China. There have been some moderately strong even violent earthquakes annually. The Hengchun earthquake of magnitude 7. 
MODIS Data Range
The data of the earthquake were the TERRA/MODIS image data downloaded from GODDARD SPACE FLIGHT CENTER (http://ladsweb.nascom.nasa.gov/). The data which we used were surface reflectance of 19th band, atmospheric window of 2nd band and the thermal radiation intensity of 31st band. The data set was in resolution of 1 km × 1 km. Data range: {Date Range: Atmospheric water vapor content is the quality of all water vapor on per unit area, the height on per unit area can be understood as an extension of up to infinite, unit is g· cm −2 . The atmospheric water vapor was produced by two channels of MODIS, 2nd and 19th bands. The retrieval of brightness temperature played two main roles, one was to generate the ocean surface brightness temperature map to view the thermal distribution and the other was to judge the distribution of clouds over the ocean. In the retrieval of water vapor, we also made a judgment if the pixels were interfered by clouds; the retrieval results assigned zero value directly. Brightness temperature was calculated by 31st band of MODIS data.
Processing
The atmospheric water vapor content in a region is closely related with the speed of evaporation and the speed of evaporation under the stable conditions of water supply is mainly due to the temperature. Then the temperature in a large region is affected by the topography, the feature type, solar radiation, weather, seasonal changes and many non-shock factors while the temperature of a small area may also be subject to some external influence, such as human activities, construction activities and etc. So is the atmospheric water vapor content.
We used statistical method of a large area as background datum to determine whether there was a water vapor anomaly in a small area during the earthquake (small area lies in large area). Statistical method of a large area as background datum referred to the paper "Pre-earthquake Thermal Infrared Anomaly Recognition Method and Quantitative Analysis Model" written by Dr. Jinping Li [11] . We conducted a change to the method of that paper in which the anomaly recognition and quantitative extraction method as a unit based on the pixel has become the anomaly recognition method as a unit based on the region. The procedures are as following: 1) Suppose the mean water vapor content in a small area can be expressed as the following formula:
where W and W r represent the mean water vapor content in a small area and a large area respectively, ∆W is the value of changes in water vapor affected by the external force in a small area.
2) The mean (∆W ) and the standard deviation (σ (∆W )) of the variation of water vapor in a small region (the same period of the previous three years) are calculated so as to get the background trend of a small area.
3) The daily anomaly index of a small area can be calculated as:
4) If W I i > 1.5, the small area is considered to be an anomaly area.
RESULTS AND DISCUSSION
We extracted the atmospheric water vapor content and the brightness temperature from MODIS data set that we choose. The atmospheric water vapor data and the brightness temperature data were converted into the color maps by the density slice. Some atmospheric water vapor data were excluded because of the influence of the cloud. By visual interpretation of the color maps, we found that the water vapor content was at about 2.0 g · cm −2 surrounding epicenter at the same period of 
the previous three years before the earthquake, the distribution of the water vapor had no obvious anomaly along the fault zone. However, Fig. 1 Then we calculated that ∆W of the small area minus the large area (chosen by us in Fig. 1 ) was equal to 0.137 g · cm −2 and σ (∆W ), standard deviation, was equal to 0.204 g · cm −2 . After calculating the anomaly index of small area in seismogenic year (Table 1) , we found that from December 15th to 26th, the anomaly index was negative apart from December 19th that was equal to 0.058. On December 15th and December 17th, the anomaly index reached −1.914 and −1.906 respectively. It reached −1.990 on the December 26th when the earthquake happened.
According to the brightness temperature map retrieved from MODIS, We found that there were thermal phenomena in the earthquake. Prof. Shanjun Liu also has such report on Hengchun earthquake thermal anomalies. However the water vapor negative anomalies emerged not because of thermal anomalies during the earthquake.
CONCLUSION
The analysis of atmospheric water vapor has shown anomalous behavior during the earthquake. The result shows that:
1) In Hengchun earthquake in Taiwan, there was no phenomena of the increase in water vapor before and after the earthquake, but the phenomena of the reduction in water vapor and the negative anomalies.
2) There are some shortcomings to the anomaly analysis method of regional background reference such as it can not detect abnormal range, the choice of reference region and non-reference region is impacted from Human factors as well.
The reason for water vapor negative anomalies in the South China Sea nearby the epicenter is not very clear. Detailed investigations of atmospheric water vapor content and its temporal variations prior and after earthquakes which occur especially near the ocean are required to continue to study in other earthquakes.
